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1. INTRODUCTION 
Titanium nitride (TiN) is a material with a very high melting 
point (2950o C), high hardness (16700 MPa) and good chemical 
stability (Kirk-Othmer, 1983). These caracteristics, as weIl 
as high wear resistance and golden-yellow colour, have led to 
an increasing interest for application of TiN in the form of 
thin protective and/or decorative coatings. 
The methods used to make coatings are physical vapour 
deposition (PVD) and chemical vapour deposition (CVD). The aim 
of this article has been to present an up to date review of 
the re cent literature covering TiN preparation by both PVD and 
CVD method, as weIl as their characteristics and applications 
for various purposes. Without pretense to have covered the 
complete literature on the subject, it has been intended to 
compare parameters of the PVD and CVD preparation methods and 
dependance of the TiN characteristics on them. It has been 
equally intended to determine the range of applications and 
relative suitability of the methods reviewed. 
It has become evident that physical vapour deposition of TiN 
in the strict sense of the definition almost does not exist. 
The high melting point of TiN makes conversion of the solid 
compound into vapour if not impossible, then certainly very 
difficult and uneconomical. 
2 
The modified PVD methods therefore developed for the TiN 
preparation, termed in this article as "reactive PVD" 
correspond, in fact, to the definition of the CVD. 
Nevertheless they were classified under PVD because they were 
born from the PVD methods and use the conventional PVD 
equipment with the necessary modifications. 
However, the recently developed "plasma-assisted CVD" was 
treated separately primarily because it makes use of the 
conventional PVD equipment, but with the reactive gas mixture 
as in the conventional CVD. 
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2. TiN COATINGS PREPARED BY PVD METHODS 
2.1. Short summary of PVD methods 
In Physical vapour deposition (PVD) coatings are produced on 
solid surfaces by condensation of elements or compounds from 
the vapour phase, whereby the deposit has identica1 
composition as the vapour. 
PVD procedures can be differentiated into three groups: 
- Evaporation 
- Sputtering 
- Ion plating 
2.1.1 Evaporation. In the evaporation process, vapours are 
produced from a material located in a source which is heated 
by different ways. For high melting point materials electron 
beam sources are usually employed. The process is usually 
carried out in vacuum 10-5 to 10-6 mbar. The substrate is 
usually at ground potential and may be heated to several 
hundred degrees. Figure 2.1 is a scheme of a vacuum 
evaporation system using electron beam heating. 
Evaporation processes for the deposition are further 
subdivided into two types: a) direct evaporation, b) reactive 
evaporation. 
In direct evaporation the evaporant is the same as the 
coating. It is used to produce metal coatings or coatings of 
lower melting point compounds. 
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For making coatings of high meting point compounds, the 
reactive evaporation must be used. In the reactive evaporation 
metal vapours are produced in the presence of a partial 
pressure of the reactive gas to form a compound either in gas 
phase or on the substrate as a result of areaction between 
the metal vapour and the gas atoms, e.g.: 
2Ti +N2 --> 2 TiN 
The fig. 2.2 is a scheme of the reactive evaporation system. 
To ga in higher coating rates, the reaction gas can be 
activated by means of an electric glow discharge (activated 
reactive evaporation - ARE). 
The evaporation unit must be extended by an additional 
electrode between the substrate and the source (fig.2.3).This 
electrode has a positive potential and an accelerating voltage 
of several hundred volts which pulls the electrons from the 
plasma above the melting pot to the reaction zone. These 
electrons activate the metal vapour and the reactive gas, 
which leads to a raise in yield and therefore also in coating 
rate. 
2.1.2. Sputtering. Sputtering is the emission of material 
particles from solid surfaces (targets) which are bombarded 
with high energy particles, usually Ar gas ions. The process 
takes pI ace in vacuum chamber in which the electrically 
insulated cathode (target), being the negative electrode, and 
the substrate carrier, serving the purpose of an anode, are 
present (fig.2.4.). 
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The plasma located between the electrodes consists of neutral 
particles, ions and free electrons, and is therefore 
electrically conductive. 
The diode arrangement may be either a direct voltage 
sputtering (dc), or high frequency (or radio frequency-rf) 
voltage sputtering. The d.c. sputtering is used for metals and 
the r.f. sputtering is used both for metal and dielectric 
target materials. 
A further modern variant makes use of magnetron sputtering. In 
this case the electronic alternating field is superposed by 
additional magnetic field (permanent magnet, electromagnet). 
This arrangement provides an order of magnitude increase in 
deposition rate over that of planar diodes. 
It also can provide uniform deposition over very large 
substrate areas (many m2 ). 
The substrate can be on a low negative potential. This 
arrangement is so-called bias-cathode sputtering. This 
enhances the adhesion and the density of the coatings. 
Reactive sputtering is a method of cathode sputtering in which 
the plasma fulfils two functions. The first is to maintain the 
actual sputtering. The second role is to carry the reactive 
components (gases) which are meant to react chemically with 
the target material. This method is applicable when coating 
has to be compound. In this case a metal target is sputtered 
in a mixture of Ar and a reactive gas (e.g. Ti target and N2 
gas produce TiN coating). 
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2.1.3. Ion plating. The most modern of the three PVD method is 
ion plating. This method was born from the desire to make 
optimal use of the advantages offered by the other two PVD 
method - the high coating rates of the high-vacuum evaporation 
and the good surface adhesion gained by cathodic sputtering. 
Contrary to the sputtering method, in the ion plating the 
surface to be coated is exposed to ion bombardment before and 
during deposition. The material to be evaporated is ionized 
only in a small amount «1%); nevertheless, due to the 
acceleration in the electric field the particles are loaded 
with such a high amount of kinetic energy that, depending on 
their specific mass, they penetrate more or less deeply into 
the substrate and are deposited in zones close to the surface 
(ion implantation). Scheme of an ion plating unit is presented 
in fig.2.5. The advantages of ion plating are good adhesion 
and coating rates comparable to those of evaporation. 
Reactive ion plating (RIP) is very similar to the reactive 
evaporation process in that metal atoms and reactive gases 
react to form a compound, aided by the presence of a plasma. 
Since the partial pressures of gases in reactive ion plating 
are much higher (>10- 2 mbar) than in the ARE process (10- 4 
mbar) , the deposits can become porous or sooty. 
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2.2. Preparation of TiN coatings by PVD methods 
2.2.1. Preparation of TiN coatings by evaporation. Oue to a 
high melting point, TiN coatings can not be produced by simple 
evaporation of TiN. Instead,reactive evaporation methods are 
used, in which Ti metal is evaporated in an N2 atmosphere and 
sufficient energy is provided that the components can react to 
form TiN. 
Ting (1982) used a conventional evaporator in which Ti was 
evaporated from a resistance-heated tungsten boat in a N2 
atmosphere at a low pressure (pN2 = 10-5 bar). The deposition 
was effected into a cool substrate. In order to make reaction 
between Ti and N2 , the substrate was annealed at 700-900
oC. 
The TiN formation was confirmed by X-ray diffraction. 
The TiN coating is more easily produced if for evaporation of 
Ti an electron beam gun is employed and simultaneous 
bombardment by N2 with an energy of 10-30 keV is done (Satou, 
1985) . 
To gain higher efficiency the reaction gas can be activited by 
means of an electric glow discharge (activated reactive 
evaporation-ARE process). For this purpose a standard 
evaporation unit with an electron beam gun, extended by an 
additional electrode was used. Ti was evaporated in N2 at a 
pressure of 2.1 -3.4 bar. The substrate was at ground 
potential (Kaufer 1978, Jacobson 1979, Jamal 1980, Wendler 
1986), or at a negative bias potential (Hahn 1987). A dc power 
supply was used to provide the ARE dis charge and substrate 
bias. 
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To produce TiN films at near-ambient temperature, an ion-
stimulated sorpion process was used (Martev 1985). Titanium 
was sublimated by electron bombardment heating in a magnetic 
field. The electrons were emitted from a hot filament and 
served both for heating the Ti-anode and gas ionization. The 
method is applicable when low temperature is necessary. The 
ion-stimulated sorpion process provides an advantageous 
alternative solution, because its effect is the same as the 
increase of substrate temperature. 
2.2.2. Preparation of TiN coatings by sputtering. TiN coatings 
have been deposited by sputtering from a TiN target in the 
convetional triode sputtering system. Before the sputtering 
the system is pumped down to 10- 7 bar.The substrate is before 
sputtering heated by electron bombardment for 45 min. Typical 
sputtering parameters are shown in Table 2.1. 
Table 2.1. 
Sputtering parameters (Mah 1974) 
Target Argon Sputtering Deposition 
power pressure time rate 
(kV) (bar) ( h) ( m/h) 
-----------------------------------------------------
1 2 * 10-
6 1.5 I 3 
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Because of high melting point of TiN, sputtering from TiN 
target is little used for TiN coatings preparation. The method 
mostly used is the reactive sputtering from a Ti-target in a 
nitrogen flow. For the purpose have been used either standard 
sputter coaters (Münz 1982a, Sproul 1983, Sundgren 1983 a,b,c, 
Wittmer 1982), planar magnetron sputtering systems (Cheung 
1981, Je 1986, Valvoda 1986, 1988),or their modifications (Ahn 
1983, Münz 1982 b). 
A commercial sputter system was used for reactive sputtering 
from Ti-target in a N2 + Ar gas mixture. With Ti target ~ 5 cm 
and power of 150 W, deposition rate was 5 nm/min (Marinkovic 
1974 b). With a ~15 cm target and 1 kW deposition rate was 
higher (15 nm/min) (Hibbs 1983). The substrate was either at 
ground potential (Marinkovic 1974 b, Sundgren 1983 a,b, Hibbs 
1983, Wittmer 1982), or at negative bias potential (Sundgren 
1983 c, Yamashina 1983). 
The substrate can be mounted on a cylindrical substrate 
carrier which rotates during the deposition (Münz 1982 a). 
Such a modification gives a uniform coating thickness. A very 
high deposition rate, 1.8 mm/h, can be obtained by reactive 
sputtering from Ti-target with 10 kW power in a N2 + Ar 
mixture at 10 mbar (Sproul 1983). 
A standard magnetron sputtering unit can also be used for TiN 
preparation. A Ti target is sputtered in a N2 + Ar mixture at 
9*10- 6 bar ( Valvoda 1987, 1988) or 90 mbar (Cheung 
1981).During the sputtering the substrate is either unheated 
(Je 1986), or heated to 50-150oC (Valvoda 1987, 1988). 
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A variant of reactive sputtering makes use of the sputter gun. 
The sputtering system equipped with three Varian-S-guns was 
used (Ahn 1983). The substrate to gun distance was 20 cm and 
the substrate was at a bias potential of -100 V. Ouring the 
operation the substrate temperature of 60-70oC was reached. 
A high rate sputtering process for preparation of TiN coatings 
can be used. Two pairs of cathodes, each 1.6 m long and 23 cm 
wide, permit the coating of 100-200 drills or end mills, 
mounted in a frame of dimension 1.2 * 0.6 m. The distance 
between the cathodes was up to 20 cm (Münz 1982). 
2.2.3. Preparation of TiN coatings by ion plating. By reactive 
ion plating TiN coatings can be prepared on industrial tools 
weighing over 20 kg (Matthews 1980), or on cemented carbide 
tools (Perry 1987). 
The reactive ion plating method is used for industrial 
production of TiN coatings on cutting tools, twist drills and 
wrist bracelets (Buhl 1981). 
A variant of reactive ion plating using the hollow cathode 
discharge (HCO) was also used for TiN coating preparation. It 
is characterized by a large flux of metal ions and by 
energetic particle bombardment of the substrate (Sato 1978) 
The TiN "Balinit" coatings are commercially deposited on a 
variety of tools using an ion plating process (Balzers 1988). 
Titanium is evaporated in a vacuum chamber at a temperature 
below 5000 C and N2 is simultaneously admitted. 
16 
2.3. Characteristics of TiN coatings prepared by PVD method 
Characteristics of the TiN coatings strongly depend of their 
preparation. 
Colour 
The colour patterns of TiN changes from silver colour of pure 
Ti to the golden yellow colour for stoichiometric TiN, and to 
brown and then to dark. rose for TiN films sputtered with high 
nitrogen partial pressures. 
Thickness 
Depending on the applied conditions TiN layers with 
thicknesses ranging from <1 ~m up to 40 ~m can be prepared by 
PVD methode 
The layer thickness depends on the rate and time of 
deposition, the deposition rate depending on the power applied 
to the electron beam gun or target. Sputtering from a TiN 
target gives a relatively low deposition rate and therefore 
low thickness, while the reactive sputtering gives higher 
deposition rates and greater thickness. Reactive evaporation 
gives a relatively high deposition rate which can be increased 
by activation using an additional plasma. 
Negative substrate bias produces lower deposition rate, 
because sputtering under these conditions leads to a removal 
of particles from the deposition layer. 
Uniformity of layer thickness depends on the substrate-target 
distance. It can be achieved by rotating the substrate holder, 
but in this case a longer sputtering time is needed to obtain 
a given thickness than by the stationary sputtering. 
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Crystal structure 
The TiN layers obtained by the pVD methods are 
polycrystalline, strongly (220) and/or (111) preferentially 
oriented. 
At substrate temperatures below 500 0 C it is (111) (Hahn 1987). 
If a negative bias potential is applied to the substrate 
heated to 520oC, the intensity ratio I (200)/ I (111) 
increases with increasing bias potential up to a maximum 
situated at -600 V. Further increase of the substrate bias up 
to -1300 V leads to a decrease of the intensity ratio (Hahn 
1987). 
The lattice parameter of TiN films depends on their 
composition, but it remains equal to, or becomes greater than 
that of the bulk TiN. 
Composition 
The composition of the TiN coatings depends on conditions of 
their preparation. The films deposited at near-ambient 
temperature consist of 6-TiN and Ti-N. By annealing they are 
transformed into TiN (Martev 1985).The films deposited at 
5000 C consist of a two phase mixture of Ti2N and TixNy ' stable 
up to about 10000 C and 1100oC, respectivelly. Vacuum anealing 
over 11000 C leads to formation of stable 6-TiN in place of 
both (Wendler 1986). 
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Microstructure 
The grain size of TiN layers, as reported by different 
authors, ranges from 5 to 150 nm. The wide range is presumably 
a consequence of different preparetion conditions of TiN 
coatings. It has been shown (Marinkovic 1972, 1974 a), that 
grain size of thin film increases with increasing deposition 
rate, substrate temperature and film thickness. This is 
expected to be also valid for the TiN films, so that the 
reported literature data might be commented on in this light. 
According to Ahn (1983), the TiN layers 300 nm thick, 
deposited at 60-700 C and substrate bias of -100 V had the 
grain size between 5 and 20 nm. Valvoda (1987) reported grain 
size va lues from 20 to 70 nm for the TiN layers deposited also 
at low temperature (500 C), but the film thickness was greater 
in this case and therefore the grain size was greater too. 
Hibbs (1983) obtained grain size of 150 nm for the TiN films 
5 ~m thick, deposited at 4750 C. The grain size is greater 
because of higher deposition temperature. Jacobson (1979) 
found that grain size of the TiN layers increased with 
temperature. With other conditions identical, the TiN layers 
deposited with a substrate bias of -300 V had grain size half 
of that obtained without the bias (Sundgren 1985). The 
explanation may be based on the fact that the substrate bias 
reduces the layer thickness of the films deposited for a given 
time, the grain size being smaller because of the smaller 
thickness. 
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Adhesion 
Adhesion of TiN coatings is influenced by the deposition 
temperature (Matthews 1985, Milic 1985). It can be measured by 
a pull test or using a scratch test 
Pull test measurements show that adhesion is better when the 
layers are deposited at higher substrate temperatures. The 
adhesion values of TiN layres on tool steel vary from 2.02 MPa 
for room temperature deposition to 8.5 MPa for deposition at 
200o C. The highest adhesion, measued on dur-Al, was higher 
than 30 MPa (Milic 1985). 
In the scratch test the sampies were scratched with a rounded 
diamond stylus. The load was continuously increased from 0 to 
100 N. The simultaneously recorded sound emission clearly 
indicated the "critical road", amounting for the TiN coatings 
from 10-18 N to ~ 30-40 N, for substrate temperature 25 and 
4750 C, respectively (Kopacz 1985). 
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Microhardness 
For microhardness of TiN layers a wide range of values has 
been reported by different authors, from below 10000 up to 
over 50000 MPa (Sproul 1983, Valvoda 1988, Jacobson 1979). 
Valvoda (1988) measured microhardness using 20 9 load and 
obtained values extending up to over 50000 MPa. The unusually 
high values may be a consequence of the measuring method. 
Sproul (1983) made systematic microhardness measurements of 
TiN layers using different loads ranging from 15 to 200 9 and 
measuring the indentations by means of optical microscopy and 
SEM. The microhardness values were found to be consideraly 
higher when smaller loads were applied, which might account 
for the high values obtained by Valvoda. The microhardness 
values of TiN layers from 23000 to 26000 MPa as obtained by 
Sproul could be taken as reliable, having in mind the 
mentioned detailed study. Similar microhardness values were 
obtained by Lin (1986) with loads of 50 and 100 g. 
Microhardness of TiN coatings depends on their composition. 
The layers with stoichimetric composition have microhardness 
of about 22000MPa (Sundgren 1983 b). 
With a decreasing N content of the layer, i.e. with an 
increasing content of the Ti2N phase, microhardness is 
increased up to 26000 (Jacobson 1979), 28000 (Jamal 1980), 
30000 (Münz 1982 a), or even 35000 MPa (Sundgren 1983 b) 
The increasing substrate temperature was found to produce an 
increase in microhardness of TiN layers (Sundgren 1985). The 
increased substrate temperature can result in a decrease of 
the N/Ti ratio as a result of desorption of N2 during growth, 
whereby Ti2N phase content is increased. 
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Wear resistance 
TiN protective layers extend life of coated tools. Life of the 
coated tool with respect to life of the uncoated tool is a 
measure of wear resistance. 
Wear resistance depends on the nature of the substrate, tool 
shape and on whether one or both components of the pair are 
coated. 
The coated end mill cutters outlasted their counterparts by a 
factor of 3.5 in milling the AISI 1035 steel, and they 
improved the surface finish of the cut. Uncoated end mill 
cutters produced a surface finish with an r.m.s. roughness of 
2.5 ~m, but this finish quickly deteriorated to a roughness 
of 4.1 - 5.1 ~m. The TiN coated end mill cutters gave a 
surface finish with a roughness of 2.2 - 2.3 ~m from start to 
finish (Sproul 1983) 
The saw blades were used in a very difficult slitting 
operation. An AISI 1035 steel transmission brake band lined 
with friction material and joined together with a butt weId 
was slit into three parts with these blades, and the coated 
blades cut 2.2 times more bands than the uncoated bl ades 
(Sproul 1983) 
The PVD TiN coating gave the same improvements to the WC tools 
as in the case of the CDV coatings (Mah 1973). 
The TiN coated drill is able to make four times as many holes 
in a high strength steel as an otherwise identical uncoated 
drill (at the same cutting speed and feed rate) before 
regrinding becomes necessary (Buhl 1981). 
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Electrical resistivity 
The variation in resistivity for thin TiN samples has been 
found to be wide and to depend critically on the growth 
conditions. 
For dense and pure stoichiometric polycrystalline films 
resistivity values of about 25-30 ~ohm cm can be obtained, 
but two-phase films generally give values around 200 ~ohm cm. 
Under otherwise identical conditions, the substrate bias 
influences electrical resistivity. Thus a -100 V bias produced 
the layer with a minimum resistivity value (~ 75 ~ohm cm), 
while without bias it was increased up to 300 ~ohm cm and 
with higher negative bias it was increased even to 500 ~ohm 
cm (Ahn 1987) 
Optical properties 
The TiN coatings have a high IR reflectance and an edge in the 
visible region. The maximum reflectivity varies between 0.75 
and 0.95 at 20 ~m, while the minimum one varies between 0.12 
and 0.18 in the visible (Sundgren 1985, Ahn 1983). 
2.4. Resume 
Due to a high melting point of TiN, conventional PVD methods 
are unsuitable and generally are not used to produce TiN 
coatings. However, TiN coatings can be successfully produced 
by reactive PVD methods. Common to all reactive PVD methods is 
a chemical reaction between Ti vapour and N2 gas. 
Titanium vapour is generated by evaporation in electron-beam 
guns (reactive evaporation, activated reactive evaporation, 
ion plating), or from a Ti target (reactive sputtering). 
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The reaction takes place at low pressures (10-5 - 10-2 bar). 
Typical substrate temperature range is from ambient 
temperature to 300 - 4000 C 
The reactive PVD equipment is essentially the same as the 
conventional high-vacuum PVD units with minor modifications. 
The deposition rate depends mostlyon the applied power and 
varies from 3 to 50 ~m/h. 
Depending on the application, the coating thickness can vary 
from 0.2 - 0.3 to 10 ~m. 
The TiN composition depends on the conditions of preparation, 
the N/Ti ratio varying from above 1 to about 0.5. 
The coatings are polycrystalline and preferentially oriented 
with (200) and/or (111) planes parallel to the deposition 
surface. The lattice parameter of the TiN layers is always 
greater than that of the bulk TiN. 
The produced TiN coatings are typically compact, very hard, 
with extremely high wear resistance and good corrosion 
resistance. Microhardness values are typically in the range 
22000 - 26000 MPa, i.e. higher than for the bulk TiN. The TiN 
coated tools can be used 2 to 4 times longer than those 
without coating. The layers adhere weIl to the substrate. 
Their electrical resistivity varies from 20 to 500 ~ohm cm. 
Their reflectivity is high in the far infrared (0.75 - 0.95 at 
20 ~m) and low in the visible. 
Because of the low substrate temperature, the reactive PVD 
methods are suitable for all tools, including high-speed 
steel. 
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3. TIN COATINGS PREPARED BY CONVENTIONAL CVD METHODS 
3.1. Short summary of CVD methods 
Chemical vapour deposition (CVD) may be defined as the 
condensation of elements or compounds from the vapour state to 
form solid deposits, whereby the vapours have different 
composition from that of the deposit, the deposit being formed 
by chemical reactions which take pi ace on or ne ar the 
deposition surface. 
As it was mentioned in the INTRODUCTION, in the section 2 on 
physical vapour deposition (PVD) have been included not only 
techniques of PVD in the strict sense, but also those 
developed from them (reactive PVD methods) which actually 
correspond to the definition of CVD. Therefore they will not 
be treated here. 
In CVD the reactant gases, some or all of them generated by 
evaporation, are transported into the reactor containing a 
substrate, where they undergo a thermally activited chemical 
reaction. The solid products of the reaction are deposited on 
the substrate, while the by-product gases are removed from the 
reactor. 
General considerations on the underlying thermodynamics and 
kinetics, evaporation, transport, nucleation and growth 
processes and tresses in the deposits are presented in the 
relevant books and monographs (Poweil 1966, Gretz 1967, Jensen 
1984) . 
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Description of the CVD method 
Typical CVD unit is in principlerather simple (fig. 3.1). It 
contains i) the part for providing the reactant gases, ii) the 
reactor and iii) part for the disposal of the by-product 
gases. 
The first part usually contains the compressed gas bottles 
containing N2 , H2 , Ar, NH3 ,C02 ect. Depending on the required 
purity of the product, the gases are used either as-supplied, 
or are additionally purified by passing through purifying 
units containing suitable chemical agents. The flow-rate of 
each gas has to be controlled by means of a suitable valve and 
measured using a flowmeter. 
In addition to the compressed gas bottles, it is often 
necessary to have one or more additional reactant gases, most 
often halides of the elements that have to be deposited in the 
form of suitable solid product. 
In order to be able to control the quantity of the halide 
introduced into the reaction chamber, the liquid halide is 
maintained at a constant temperature which determines its 
vapour pressure, and its vapour is carried by a controlled 
flow of a carrier gas (either reactant or neutral) which 
passes through the liquid halide thereby becoming saturated 
with its vapour before entering the reactor. In order to avoid 
premature reaction of the components, it may be necessary to 
introduce them separately into the reactor. 
\' 
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The role of the reactor, the type of which can be chosen 
depending on the necessary experimental conditions (Jensen 
1984), is to provide favourable conditions for the chemical 
reactions and for deposition of the product on the substrate. 
The reacting components which are consumed by the chernical 
reactions are constantly supplied by agas flow of the 
component gases. A suitable pump is employed for the purpose, 
especially if the process requires a reduced pressure. 
Since in the conventional CVD process the chemical reactions 
leading to formation of the deposit are usually endotherrnic 
and the necessary energy is supplied by heating, the reactor 
must be heated either by a (resistance) furnace ("hot wall 
rnethod") or by induction. In the latter case the substrate is 
heated either directly or from a separable susceptor ("cold 
wall method"). 
The reaction chamber (reactor) in which the chemical reactions 
and the deposition of the product on the substrate have to be 
effected must satisfy requirements which are derived from the 
process parameters (high temperature, corrosive gases, 
rnaintenance of the necessary flow-rate and total gas pressure 
ect) . 
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The conditions in the reactor should be chosen so as to favour 
the chemical reaction. A good guide to a porper choice of the 
experimental conditions can be Gibbs free energy of given 
reaction which has to be negative. On the other hand, it is 
often necessary to look for a compromise which sacrifices to 
some extent the properties of the deposit on the account of 
reaching a reasonnable rate of deposition and cost of the 
material produced. 
The by- product gases can be, depending on their nature and 
amount, let into the ventilation system and open atmosphere 
directly, or after having them chemically treated in situ, or 
accumulated at the end of the CVD apparatus using suitable 
trap(s), for subsequent treatement. 
3.2. Preparation of TiN coatinqs by conventional CVD methods 
CVD is a suitable method for TiN preparation. A volatile 
halide of Ti and not too high temperature at which its 
reaction with N2 + H2 or with NH3 to produce TiN becomes 
thermodynamically favourable make this method a rather 
attractive one. Two chemical reactions, both employing TiCl4 
and atmospheric pressure have been used for TiN preparation 
(Table 3.1). 
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The reaction 
TiCl 4 + 1/2 N2 + 2 H2 ----> TiN + 4 HCl (1) 
has been mostly used. From the dependance of the Gibbs free 
energy on temperature, presented in Fig 3.2 (Archer 1981), it 
follows that the reaction becomes thermodynamically favourable 
at 630 0 C (900 K). However, temperatures employed for TiN 
preparation using this reaction (Table 3.1) were usually 
considerably higher in order to have a reasonably high 
deposition rate. 
Since most of the articles dealing with CVD of TiN aim at 
establishing variation in deposition rate and TiN properties 
on experimental conditions, a wide range of variables has been 
employed. Thus temperature was varied from 700 to 14000 C (in 
one article even up to 2200oC), TiCl 4 content from 0.3 to 42 
vol%, while partial pressures (volume contents) of N2 and H2 
were varied in a very wide range. However, not all of the 
articles contain complete da ta concerning experimental 
conditions. Nevertheless, on the basis of the existing data it 
seems that temperature range chosen by a majority of the 
authors would be between 1000 and 11500 C and the TiCl 4 
concentration would be from a few percent to about 10 vol%. It 
is more difficult to be definite regarding partial pressures 
of H2 and N2~ the ratio of 1 or above could be possibly 
chosen. As the carrier gas (carrying the TiCl 4 vapour), 
hydrogen, nitrogen or their mixture were used. 
Tab1e 3.1:: Preparation conditions, characteristics and app1ications of TiN coatings prepared by CVO* 
TiC14~~ 
Author, 
year 
Svnielni-
kawa 1971 
Peterson 
1974 
Takahashi 
1974 
Kato 1975 
Preparation 
conditions 
700-2000·C;TiC14 /N 2 
=0.5; 1; N2 :H2=2.5, 
1. 5, 10.Optimum 
H2 :N2=2.5,Ti/N2=0.5 
1000-1080·C; 2-30% 
TiC14 
700-1200·C; N2/TiC14 
=0-10 
110-1400·C; 0.3-42 
%TiC1 4 , 10-89% H2 , 3-89% N2 • 1:=350 s. 
Schintlemei- 915·C; 200 l/h H2 
ster 1976 satur. with TiC14 
at 37· (26 mbar). 
85-105 min. H2/N 2=1. 
Appapara tus, 
substrate 
Grahite rod (or W) 
heated by Joule 
effect 
Hot wall vertical 
furnace, cemented 
carbide subs. 
Hot wall vertical 
furnace. Graphite 
substrate. 
Hot wall, horiz., 
graphite plate 
No data, cemented 
carbide subs. 
Characteristics 
700-1200·: gOlden,N/Ti=0.91,c= 
0.424 nm;>1300·:brown,graphite 
reacts; higher T (W-subs.): 
golden, c=0.423-0.424 nm,N/Ti= 
0.982-0.991. 
Cr.size incr. with T,cr. form 
does not depend on T.MH=15500. 
Applications 
No data 
Low TiC14 : high rate, columnar Wear Resitance improve-grains; med.TiC14 : random str.; ment 30%TiC14:deposit~on stops. 
R incr. with T and N2/TiC14 • R const. for N2/TiC14 >6.For N2/TiC1 4=8 at 1200·C, R=8.1 ~m /h.n(220) and cr. size incr. 
with T and N2/TiC14 • Whiskers 
can be produced. 
T not uniform.TiC14 consumed 
be fore max T. R-PH21/2.~ x = 
1:1 mm/h.TiNl.Olgolden-yeI., 
T7Nl.04r7d-brown. c decr. 
w~th N/T~. 
R~Ö.l ~m/h. Ni incorp. into 
coating. Rupture strength of 
subs. reduced by coating. 
,vear resistance improve-
ment. Decorative effects. 
w 
o 
Author, 
year 
Takahashi 
1977 
Politis 
1979 
Kim 1983 
Mantyla 
1985 
Jung 1986 
Preparation 
conditions 
700-1150°C,H2 satur. 
with TiC1 4 at 70° (130mbar).7.4-8.7% 
TiC14 ,55-72% H2 ,19-~7%N2). Ultrasonic 
source applied to 
subs. 
1600-2200°C;H2+N 2 (l:l)satur. w~th 
TiC14 at 0-23°(2.6 
-13 mbar).N2/TiC1 4 40. T=14-37s. 
1050°C, H2 ; satur. 
with TiC1 4 at 50° (56 mbar). 3% TiC14 , H2=N 2=48.5%. T from 0.5 to lOs. 
980°C, 1-3.5% TiC14 56.5-63% H2 ,36-40% 
N2 
900-1200°C, H2 
satur. with T~C14. 
Optimum: 1000°,0.8% 
TiC1 4 ,N2/H 2=1/2,72 l/h total flow rate 
Appaparatus, 
substrate 
Cold wall vertical, 
low carbon steel 
subs. 
Cold wall horiz., 
Mo-tube subs. 
Hot wall horiz., 
cemented WC coated 
with TiC subs. 
Hot wall, chrom. 
tool steel subs. 
Hot wall vertical, 
low-carbon steel 
sub. 
Characteristics 
R~O at <900°; incr. with T. R=3 
~m/h at 1100°, n(220). Adherent 
film only with ultrason. Hard 
films. 
Single cristals. Pref.shape cube. 
(100) most often. N/Ti from 
0.935 to 1.002, most often 0.98. 
c has a max of 0.42409 nm at N/Ti 
~0.96.Supercond. at 5.8-6.2 K. 
Growth along (220) plane. Cr. size 
incr. with T, decr. with PTiCL4 , incr. with total flow rate up 
to 42 l/h, then const. 
Very dense coating, (220). Very 
good corr. resist., controlled by 
coating defects. 
No data 
Applications 
Improvement of proper-
ti es of cemented WC 
cutting tools using 
double TiC/TiN layer 
coating. 
w 
Author, 
year 
Itoh 1986 
Motojima 
1986 
Lhermitte 
Sebire 
1986 
Tsao 1987 
Telema 
1987 
Preparation 
conditions 
1050°C, H2 satur. 
with TiC1 4 at 30-70°(40-130 mbar). 
0.5% TiC1 4 ,H2/N2=1. 
800-1100°C;flow-
rates: 9 l/h H2 , 3.35 Ar, 1.48 N2+ 
TiC1 4 · N2/TiC1 4 from 1 to 16. 
1100°C, no data 
N2 satur. with T~C14. Mixed with 
H2 just be fore 
reactor. 
1000°C; 0.5-3%TiC14 , 
15-60%N2 .Linear gas flow velocity 1.2 -
2.8 m/min. 
Appaparatus, 
substrate 
Hot wall horiz. 
Furnace moving 
along steel tube 
subs. 
Steel subs., 
also CU,Ni. 
Cemented carbide 
subs. 
Hot wall, vertical 
low-carbon steel 
subs. 
Hot wall, Ni-
based and Fe-
based alloy subs. 
Characteristics 
Compact film with uniform thick-
ness distrib. n(220). Excellent 
corr. resist. 
Corr. resist. is better for low-T 
coating «1000°). Extreme wear. 
resist., increasing with T up to 
950°, then decrease 
Thick (40 ~m layer with well-
developed columnar microstr. 
Strong adherence with A1 20 3 layer depos. onto it. 
No data 
Effect of subs. on growth rate. 
Liquid Cr and Fe chlorides formed, 
caused interlayer porosity of Fe-
alloy subs. 
Applications 
Improvement of corr. 
resistance 
W 
IV 
Corr. and abrasion 
protection of steel 
(sea water and whirled 
sand). 
Improvement of wear 
resist. of cutting 
tools by TiN+A1 20 3 double layers. 
* 
Author, 
year 
TiC14 + NH 3 
Saeki 
1982 
Kurtz 
1986 
Preparation 
conditions 
700-1400·C, Ar 
satur. with TiC14 
at 105·(>300 mbar). 
2.9%TiC14 , NH 3=Ar= 48.5%. 
400-700·C; He or Ar 
satur. with TiC1 4 . 0.01-10% TiC14 , 0.1 
-15% NH 3 . Linear gas flow velocity 54-
84 m/min 
Appaparatus, 
substrate 
Transp. quartz or 
A1 20 3 tube subs. 
Hot wall, horiz., 
spec. injector to 
mix uniformly 
gases. Corning 
glass or Si-wafer 
subs. 
Characteristics 
When incr. from 700 to 1000-1400·, 
N/Ti decr. from 1.21 to 1.10 and 
einer. from 0.4224 to 0.4233 nm. 
Thickness <0.1 to >0.5 ~m. Good 
adherence if <0.05 ~m. Hardness 
8.5 (Mohs). Deposition rate 27 and 
360 ~m/h at 600 and 650·, resp. 
Arnbient pressure was used in alle cases. c is the lattice constant. 
Applications 
Heat mirrors for 
summer architect 
applications; 
- Very hard protective 
coatings. 
R stands for deposition rate and n for preferred orientation. MB is microhardness, T is residence time. 
Abbreviations: cr.=crystal, subs.=substrate, incr.=increase, decr.=decrease, const.=constant, horiz.= horizontal 
corr.=corrosion, resist.=resistance, satur.=saturated, yel.=yellow, pref.=preferred, cond.=conductive, spec.=special 
resp.=respectively, distrib.=distribution, str.=structure 
Lu 
Lu 
o 
E 
20 
34 
~ O~--~~--~~--~~--~~~=7~--~~~~--~ ~ 200 400 600 
--~ 
<l 
-20 
Fig.3.2. Free energy of formation of TiN. 
(Archer 1981 ) 
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The value of contact or residence time (interval of time 
during which the gas mixture is in the contact with the 
substrate) are usually not given. 
The data concerning (total) flow rate which are rather often 
presented, are not suitable for comparison because of a 
variety of dimensions of the working space used by different 
authors. Still the data presented in some of the articles make 
possible to calculate more or less accurately the residence 
time. It follows that residence times used vary in a wide 
range, from a few seconds to about 6 minutes, 
Concerning the deposition rate, aga in only some of the 
articles give the value obtained. Generally the deposition 
rate increases with increasing deposition temperature. 
Takahashi (1974) found that the deposition rate increased also 
with N2/TiC1 4 mole ratio, but above N2/TiC1 4 = 6 it became 
almost constant. According to Peterson (1974), the deposition 
rate is high at low PTiC14 and the depossition almost stops as 
PTiC14 was increased to 0.3 bar. Kato (1975) found that the 
deposition rate increased with PH and obtained a maximum 
2 
value of 1.1 rom/ho 
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In order to improve uniformness of the deposit thickness along 
a steel tube, Itoh (1986) used a furnace which moved by a 
constant speed along the tube. A very uniform thickness 
distribution was achieved. Takahashi (1977) applied ultrasound 
to a low-carbon steel substrate in order to achieve a good 
adherence of the deposit. Problem of adhesion of TiN coating 
and steel substrate was also studied by Lhermitte-Sebire 
(1986) and Motojima (1986) who reported that a better adhesion 
had been obtained at higher deposition temperature, as it 
should be expected. The latter authors have also studied 
corrosion resistance in sea water and abrasion resistance to 
whirled sea sand. The fine grained smooth TiN layers obtained 
at low temperature had higher corrosion resistance, probably 
because there was less defects - pinholes and craks in the 
deposits obtained under such conditions. Abrasion resistance 
was found to be extremely high, with a maximum at 950 o C. 
Corrosion resistance of steels coated by TiN layers was also 
investigated by Mantyla (1985). Both researchers found an 
excellent corrosion resistance which was ascribed to formation 
of a very dense and compact TiN coating, although Mantyla et 
al have stated that on larger surface areas some dangerous 
defects in the coatings might exist. 
In the case of Ni-based and Fe-based alloys, Telama (1987) 
found that the substrate had an influence on the TiN growth 
rate, which for the two substrate differed by a factor 2. 
Chemical reactions were found to take place with the 
substrate, resu1ting of Fe and Cr chlorides. 
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Schintlmeister (1976) found an interaction between a cemented 
carbide substrate and the coating. The Ni from the substrate 
was incorporated into the coating 
Physical properties of the deposits have been investigated by 
rnany researchers. Polycrystalline deposits with crystallite 
size increasing with temperature and N2/TiC14 ratio (Takahashi 
1974, Synielnikowa 1971, Kim 1983) are generally produced, the 
execption being the work of Politis (1979) who produced single 
cristals by working at high temperature. 
The stoichiometry of the TiN coatings was investigated by 
Synielnikowa (1971), Kato (1975), and Po1itis (1979). Kato 
found that due to apremature consumption of TiC1 4 , TiNx 
deposits with x varying from 1.01 to 1.04 were produced. Both 
lattice constant and colour of the deposits were found to 
depend on the composition: the lattice constant decreased with 
N/Ti ratio and the colour was changed from golden yellow to 
red brown as the x value increased. In the work of Politis 
(1979) high temperature (1600 - 2200 oC) and N2/TiC1 4 ratio 
40 were used to prepare TiN single crystals on a molydbenum 
tube substrate. The crystals produced had x values ranging 
from 0.935 to 1.002. The lattice constants vs composition 
curve was found to present a maximum at N/Ti 0.96. 
Superconductivity of the crystal was found between 5.8 and 6.2 
K. 
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In a number of articles (Takahashi 1974 and 1977, Kim 1983, 
Mantyla 1985, Itoh 1986) preferred orietation of the coatings 
was reported to exist, the (220) planes of TiN crystals being 
parallel to the substrate surface. In the work of Politis 
(1979), however, single crystals were grown most often with 
(100) preferred orientation. 
Mechanical properties of the TiN coatings on a cemented 
carbide substrate were studied by Schintlmeister (1976), who 
found that rupture strength of the substrate was reduced by 
the coatings. 
Synielnikowa (1971) reported microhardness value of 15500 MPa, 
and Takahashi (1974) found that microhardness of the deposited 
TiN layers was higher on their surface than on the cross-
section, this being presumably a consequence of the preferred 
orientation. 
The reaction 
6 TiCl4 + 8 NH3 ---> 6 TiN + N2 + 24 HCl (2) 
has been used as an alternative method of TiN preparation by 
CVD, its most important advantage being lower deposition 
temperature. The reaction becomes thermodynamiically 
favourable above 300oC, but does not give an appreciable film 
growth below 400 - 450 0 C (Kurtz 1986). 
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In the work of Saeki et al (1982) temperature from 700 to 
14000 C was used, while Kurtz (1986) used a considerably lower 
temperature (400 - 700oC). Ar or He used as carrier gases. 
Saeki used agas mixture which contained 2.9 vol% TiCl 4 and 
equal concentrations of NH3 and Ar, to deposit TiN on a 
transparent quartz or A1 20 3 substrates. Kurtz used a wide 
range of composition (0.01 to 10 vol% TiCl 4 , 0.1 to 15 NH3 ) 
and a special nozzle to mix the gases uniformly in order to 
avoid powder production, the substrates being Si wafers or 
corning glass. Another difference between the two papers is in 
the residence time: 45 s (Saeki 1982) and a fraction of one 
second (Kurtz 1986). 
According to the authors of the latter paper, their method of 
TiN coating preparation is suitable for mass production and 
has some advantages over other methods, including those in 
which organometallic compounds are used as s.tarting materials. 
The advantages are the atmospheric pressure, lower temperature 
than that required if the reaction (1) is used, relatively 
wide temperature range, better adhesion of the films produced 
and starting reagents which are less expensive, less air 
sensitive and more volatile than the organometallic compounds. 
Saeki reported the film composition rich in N, with x in TiNx 
decreasing with increasing deposition temperature from 1.21 at 
700 0 C down to 1.10 at 1000 - 1400oC. At the same time, the 
lattice constant increased from 4.224 to 4.233 A, this 
behaviour being in agreement with the already mentioned 
papers. 
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Kurtz prepared the films from about 0.1 to 0.5 ~m thick, with 
a good adherence for the thicknesses below 0.05 ~m. The 
hardness of the films is reported to be 8.5 on the Mohs scale. 
The films are typically 80 - 90 % reflective at IR wavelengths 
and about 20 % reflective to visible light, which roughly 
agrees with results of Synielnikowa (1971). The optical 
properties were found to depend on the working conditions and 
film thickness (Kurtz 1986). 
3.3. Resume 
TiN coatings can be successfully produced by conventional CVD 
method, using TiCl 4 - H2 - N2 or TiCl 4 - NH3 mixtures at 
ambient pressure. 
Typical working conditions with TiCl4 - H2 - N2 mixture are: 
temperature 1000 - 1150oC, partial pressure of TiCl 4 from a 
few vol% to about 10 vol%, H2 /N2 ratio ~ 1. By working with 
TiCl 4 - NH3 mixture lower temperature can be used. The CVD 
apparatus therefore requires a high temperature furnace, but 
it can operate at ambient pressure. 
The deposition rate depends on the working conditions and 
varies from a few micrometers to about 1 mm per hour. 
The deposited TiN layers can have a rather wide range of 
composition, with N/Ti ratio from 0.93 to 1.21. 
They are typically polycrystalline with (220) preferred 
orientation.The values of the parameter of crystal lattice 
depend on the composition, showing a maximum of 0.42409 nm an 
N/Ti 0.96. Using high deposition temperature (~1800oC) single 
TiN crystals can be produced. 
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The TiN coatings are typically compact, very hard ( 8.5 on the 
Mohs scale), with extremely high wear resistance and good 
corrosion resistance. Corrosion resistance of the TiN layers 
is excellent, but that of the coated substrate depends on the 
defects in the coating. 
Adherence of the layers is good at high temperature and for 
low coating thicknesses, but special techniques are needed to 
achieve reasonable adherence at lower temperature and for 
higher thickness. 
The TiN layers have good electrical and thermal conductivity 
and show superconductivity at 5.8 - 6.2 K. 
Reflectivity of the layers is 80 - 90% in the IR (for 
wavelenghts of about 20 m) and about 20% in the visible 
region. 
Colour of the layers is golden-yellow at near-stoichiometric 
composition and changes to red-brown at higher N/Ti ratio. 
Due to a relaively high temperature of the CVD process, its 
applicability for coating cemented carbide and steel cutting 
tools by TiN is difficult and is virtually impossible for 
high-speed tools. 
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4. TIN COATINGS PREPARED BY PLASMA ASSISTED CVD 
In order to avoid negative effects of the excessive heating of 
substrates used as cutting tools during the process of CVD, 
various means have been tried. One of the possibilities 
examina ted was to replace the N2 - H2 mixture in the CVD 
procedure by NH3 , which has enabled the researchers to work at 
considerably lower temperatures. 
Another qualitatively different and more promissing approach 
consists in providing the energy necessary to activate the 
chemical reaction by using a dc or rf glow discharge. 
Ionization of the gases leads to a production of electrons and 
ions which are accelerated in the electric field thus 
increasing the number of high-energy inelastic collisions. The 
energy content of the species in the plasma can reach average 
values which correspond to much higher temperatures in a pure 
thermally activated process. In this way it is possible to 
maintain the reacting gases at high energy, keeping the 
substrate at a relatively low temperature. 
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Archer (1981) has described a plasma-assisted procedure in 
which a conventional dc sputtering unit has been used to 
deposit TiN from the TiCl 4 - N2 - H2 mixture as used in the 
conventional CVD procedure (fig.4.1), with addition of the 
plasma-sustaining argon gas. A nickel foil used as a liner to 
the surface of the cathode served as the substrate. The 
coating was deposited on the nickel foil at apressure of 13 -
15 rnbar. The coated foil was allowed to cool in hydrogen. The 
investigated substrate temperature range was from 250 to 
600 oC. Although the TiN coatings were obtained down to 250oC, 
their adherence to the substrate was poor below 400 oC. The 
desposition rate of 1.0 ~m/h at 6000 C was about twice that of 
the run without plasma assistance. 
Mayr (1986) produced TiN layers in a conventional dc plasma 
unit using the same gas mixture as in Archer's experiments. A 
temperature range from 430 to 700 oC, 5 rnbar total pressure and 
a constant Ar/N2 ratio were used to deposit the coatings on a 
stainless steel substrate kept at a negative potential. 
A TiN layer 5 - 6 ~m thick, showing (200) and (220) preferred 
orientation, was obtained by working for 3h at 500oC. The 
composition of the coating was found to depend on pN2 and 
substrate temperature, but stoichiometric TiN layers were 
deposited over a relatively wide range of these parameters 
(e.g. 500 - 700oC). 
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A systematic study of hardness as a function of TiN 
composition (Fig. 4.2) has shown that for the N/Ti ratio 
varying from about 0.8 to 1.1 there is an apparently linear 
decrease of hardness from about 35000 down to about 10000 MPa. 
In order to avoid corrosion of the equipment, the authors 
tried to prepare TiN layers by replacing TiCl 4 with titanium-
isopropoxide, Ti(OC3H7 )4. However, the coatings obtained in 
this procedure contained, in addition to Ti and N, also C and 
o atoms. 
Kikuchi (1984) used similar experimental conditions to deposit 
TiN on high-speed steel and cemented carbide cutting tools. A 
systematic study was made in order to establish effect of 
process parameters on the properties of the coated substrates 
and effect of Cl- content in the coatings on their wear 
resistance. 
An increase in substrate temperature above 500 0 C and negative 
voltage above 420 V were found to reduce hardness of the high-
speed steel. 
Interesting conclusions were reached with respect to Cl-
content of the TiN coatings: the Cl-content is reduced when 
PTiCl4 is lowered and substrate temperature increased. This is 
important because wear resistance is markedly reduced by Cl-
content. 
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The optimum working conditions (500°C, 1.3 mbar total 
pressure, 0.9 % TiCl4 , 6 % Ax, 62.5 % H2 and 31 % N2 ) 
resulting in a deposition rate of 60 ~m/h, produce a highly 
wear resistant TiN layer and greatly improve cutting 
performance of both investigated substrates. 
In conclusion it can be said that by employing plasma-assisted 
CVD (PACVD) the deposition temperat~re can be substantially 
lowered, so that the TiN layers having essentially the same 
properties as those produced in the conventional CVD can be 
produced at 400 - 500°C with a reasonable deposition rate. 
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5. APPLICATION OF TiN COATINGS 
TiN layers are characterized by high hardness, chemical 
stability at elevated temperatures, excellent wear-, 
corrosion- and erosion-resistance, golden colour and high 
reflectivity in the infrared region combined with a relatively 
good transmission in the visible region. 
Because of such characteristics, TiN layers are applied as 
protective coatings against abrasion, erosion and corrosion 
(Balzers 1988, Schintlmeister 1976, Motojima 1986), as 
diffusion barriers in silicon-device technology (Kanamori 
1986, Gordon 1984) and for decorative purposes (Münz 1982 a, 
Schintlmeister 1976). Optical properties of TiN layers in the 
IR and visible regions have caused their investigation as 
solar energy absorbers and transparent heat mirrors (Kurtz 
1986). 
Table 5.1 contains requirements for TiN coating 
characteristics for their particular applications. 
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Table 5.1 
Requirements for TiN-coating properties for various 
applications 
~Machining 
Property devices 
Silicon Decorative Heat 
devices mirrors 
Colour not not golden- not 
critical critical yellow critical 
Thickness 5-20 jtm 50-200 nm 2-5 jtffi ~ 100 nm 
Grain size Fine to very very very 
coarse fine fine fine 
Adhesion High High High High 
Hardness High Not High High 
critical 
Corrosion Good Not Very Good 
resistance critical good 
Wear Good Not Good Good 
resistance critical 
Electrical Not ~ 500 jtohm Not Not 
resistivity critical cm critical critical 
Reflectivity Not Not Not > 60 % 
in IR critical critical critical 
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6. CONCLUSION 
TiN coatings can be produced by the reactive PVD and CVD 
methods. The reactive PVD methods require high vacuum and low 
temperature, the corresponding equipment being relatively 
complicated and expensive. 
The conventional CVD methods require simpler and less costly 
units for work at higher temperature and ambient pressure. 
The recently developed plasma-assisted CVD method uses the 
equipment developed for PVD and reacting gas mixture as that 
in a conventional CVD procedure. 
The range of TiN coating properties is more or less the same 
in both the reactive PVD and CVD methods. 
For the conventional CVD methods are typical higher deposition 
rates and, consequently, possibility to produce thicker 
coatings. Due to relatively high temperatures, the 
conventional CVD methods are difficult of impossible to apply 
to lower temperature substrates, particularly for the high-
speed steels. For such substrates the reactive PVD and plasma-
assisted CVD are suitable. 
The reactive PVD methods are equally suitable for the 
substrates which are sensitive to corrosive gases used in the 
CVD methods. 
The conventional CVD methods are more suitable for high-
temperature substrates insensitive to corrosive gases. 
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In summary, the reactive PVD methods can be used to produce 
TiN coatings for all today's applications and on any 
substrate; the range of applications of the conventional CVD 
methods is limited, but they are simpler and less costly. 
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